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Coherent Storage of 3D Light  
Fields in Atomic Vapor 

Moshe Shuker, Ofer Firstenberg, Amiram Ron, Rami Pugatch and Nir Davidson

E lectromagnetically induced 
transparency (EIT) is a unique 

light-matter interaction that can be 
used to store a light-field in the ground-
state coherence of a room-temperature 
atomic ensemble.1 The stored pulse can 
be retrieved after a controllable delay, 
and storage fidelity is limited by decay 
mechanisms of ground-state coherence. 
Coherent conversion of information 
from light to matter media and vice 
versa is considered a cornerstone of 
quantum information applications. In 
quantum networks, for example, light 
can communicate information between 
nodes, where atomic ensembles may 
store or process the information. 

Previously, researchers demonstrated 
the storage of high-order Gaussian 
modes of light.2 Here, we study how to 
slow and store arbitrary three-dimen-
sional light fields using EIT in room-
temperature vapor.3 We performed the 
EIT process in a vapor cell of rubidium 
atoms immersed in neon buffer-gas. 
While the “pump” beam was a plane 
wave, an arbitrary transverse image was 
imprinted on the “probe” beam us-
ing a binary mask, as illustrated in (a). 
While the probe pulse travels within the 
vapor cell, the pump beam was turned 
off for several microseconds, during 
which both the amplitude and phase of 
the probe’s electric field were encoded 
on the atoms. When the pump was 
reopened, the probe field was recon-
structed and measured using a CCD 
camera.

Part (b) shows two of the images, 
the digits 2 and 6, as sent to the cell 
(“input”) and after the storage. The 
stored images are smoothed, especially 
near the sharp edges in the original. We 
attribute this to diffusion of the atoms 
during the storage (and also during the 
slow propagation of the pulse in the EIT 
vapor). We obtained a quantitative mea-

sure of the possible storage resolution 
by storing an image of three resolution 
lines, depicted in (c). As storage duration 
increases, the effect of the diffusion is 
more pronounced, and, after 30 µs, the 
image is completely blurred. 

The effect of diffusion can be reduced 
by exploiting the fact that the phase of 
the light field is stored with its intensity. 
To demonstrate, we flipped the phase 
of the central line by π, which in turn 
flipped the phase of the atomic coher-
ence created in the medium for that line. 
Therefore, during diffusion, the average 
coherence in the gaps between the lines 
was reduced due to destructive interfer-
ence, and the restored image remained 
dark in the gaps between the lines, 
dramatically improving the visibility, as 
shown in (c), on the right. 

(a) Storing an image of the digit 2 in an EIT medium of room-temperature atoms. (b) The 
left column shows the original images sent to the cell. The right shows the images after 
they have been stored and retrieved. The 2 and 6 were stored for 2 and 6 µs, respectively. 
(c) Storage of an image of three resolution lines (340 µm wide). The left column shows 
storage of a constant-phase image for 2, 10, 20 and 30 µs. The right shows the improved 
resolution achieved when a π phase-shift was applied to the central line, proving that the 
phase pattern was stored.

(a) (c)

(b)

This method is analogous to an 
optical technique to reduce the effect 
of diffraction—phase-shift lithography. 
An alternative approach to reducing 
the effect of diffusion on stored images 
was recently explored.4 Our numerical 
calculations, which were based on an 
analytic theoretical model,5 agree well 
with experimental results. t
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Light Storage via Stimulated Brillouin  
Scattering in an Optical Fiber 
Zhaoming Zhu, Daniel J. Gauthier and Robert W. Boyd

Photonic memories—the optical 
counterparts of electronic memo-

ries—are crucial components for future 
high-speed photonic networks,1 optical 
computing and quantum information. 
In addition to spatial-spectral holog-
raphy,2 which operates at cryogenic 
temperatures, stored light is another 
promising technology for photonic 
memories. Stored light based on elec-
tromagnetically induced transparency 
encodes the information of an optical 
beam onto the quantum coherence of 
an ensemble of atoms or ions and could 
be useful as a component in long-dis-
tance quantum information networks.3 
Stored light based on a dynamically 
controlled micro-ring resonator has also 
been demonstrated in a recent proof-of-
concept experiment.4 

We recently demonstrated a simple 
method for storing optical pulses in a 
room-temperature optical fiber.5 In this 
method, storage of optical data pulses is 
achieved by coherently transferring their 
information content to a slow-moving 
acoustic excitation in the fiber through 
their interaction with an additional 
optical “write” pulse (see figure, parts a 
and b). The acoustic excitation is later 
converted back to the optical domain 
by interaction with a “read” pulse (c, d). 
The process is based on stimulated Bril-
louin scattering (SBS) and works at any 
wavelength within the fiber transpar-
ency window. The center frequency of 
the write and read pulses is shifted from 
that of the data pulses by the Brillouin 
frequency shift WB. 

To obtain high efficiency of the stor-
age and retrieval processes, the write 
and read pulses should be much shorter 
than the data pulses and their “area” 
must equal π/2.5 In addition, the storage 
time Ts must be less than the acoustic 
lifetime tB, because of the exponential 
decay of the acoustic excitation. 

Our experiment uses off-the-shelf 
components and operates at a wave-
length of about 1.55 µm. The stored-
light medium is a 5-m-long highly non-
linear fiber (WB~9.6 GHz, tB ~3.4 ns). 
The write and read pulses (1.5-ns long) 
have peak powers of roughly 100 W to 
produce the required pulse area of π/2. 
Part (e) shows the results for storing a 
single 2-ns-long data pulse for up to 
12 ns with good readout efficiency. 
Results for storage and retrieval of a  
sequence of multiple 2-ns data pulses 

(a-d) Illustration of stored light based on SBS in an optical fiber; (e) Experimental results for 
a 2-ns-long data pulse. The retrieved pulses are shown with a scale factor of 2.

(e)

(not shown) demonstrate that the 
retrieved light replicates the input data 
stream with reasonable fidelity. t
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